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I g67.-The contribution of the thin loops of Henle and the vasa recta to the production of the hypertonicity of the mammalian renal medulla was investigated in rats using a modified version of the partial nephrectomy technique of Sakai et al. In the region between 2 and 4 mm from the tip of the papilla, no significant difference in osmolality was found between adjacent descending limbs or between descending limbs and adjacent hairpin turns. In contrast, ascending limbs were found to have a significantly lower osmotic pressure than adjacent descending limbs (mean difference -I I 7 milliosmols).
A lower concentration of sodium accounted for most of this difference.
Fluid from the descending limbs of the loops had a significantly higher osmolality than plasma from the descending vasa recta, but roughly equal to that of plasma from the ascending rasa vecta. In this region of the medulla, blood entering through the descending vasa recta appears to lag in attaining osmotic equilibrium with its surroundings, a finding consistent with the behavior of a passive countercurrent exchanger. The differences between ascending and descending limbs of the loop of Henle, on the other hand, suggest that the thin segment functions as a countercurrent mu1 tiplier in the production of the hypertonic medulla. Indeed, neither of the two counterflow systems in the inner medulla-the vasa recta and the loops of Henle-has been shown capable of performing osmotic work (7, I 8). Thus the critical evidence for a countercurrent multiplier producing the hypertonicity in the inner medulla has been lacking. It is important to remember that micropuncture of the loops of Henle has been performed on the portion of the papilla which protrudes beyond the main body of the kidney.
In the hamster-the animal most commonly used-the length of papilla exposed amounts to 2-254 mm.
The loops were therefore necessarily punctured close to the hairpin turn, as was pointed out by Gottschalk (7 higher osmolality than the vasa recta plasma (mean difference of 24 pairs was 3-64 milliosmols, P < .oo I). The osmolality of fluid from the hairpin turn was also higher in four pairs. In contrast, fluid from the ascending limb of the loop did not differ significantly in osmolality from the blood from the descending vasa recta (mean difference in 14 pairs was -I I milliosmols, P > .5). These data suggested that at normal rates of blood flow there is a lag in the attainment of osmotic equilibrium between the contents of the vasa recta and their surroundings.
At the time of collection and before the freezing-point determination, the rate of blood flow within the descending vas rectum was estimated. Figure  4 shows a comparison of the osmolality of fluid from the loop and vasa recta in which the blood flow in the latter did not appear to be slowed. In 15 pairs, the fluid from the descending limb of the loop had a significantly higher osmolality than the plasma from the vas rectum (mean difference + 74 milliosmols, P < .o I ). Fluid from the hairpin turn also had a higher osmolality in two of three pairs. Fluid from the ascending limb of the loop did not differ significantly in osmolality from blood from the descending vas rectum (mean difference of g pairs was +35 milliosmols, P > .3). In some collections, the introduction of the pipette slowed the flow of blood within the vas rectum to the point that individual red blood cells could be distinguished.
In this circumstance (Fig. 5) , the contents of the descending limb and the descending vasa recta had more nearly the same osmolality (mean difference of g pairs was +45 milliosmols, P w .I). The fluid f rom ascending limbs, however, was significantly hypotonic to the blood (mean difference of 5 pairs was -95 milliosmols, P < .025). This finding agrees with the results of our direct ascending limbdescending limb comparisons (Fig. 3) . Tables 2 and 3 . The contribution to the osmolality of the sample by the sodium present was estimated assuming chloride to be the accompanying anion (35) and using an osmotic coefficient4 of 0.92. In Fig. 7 are plotted the total osmolality (open circles) and 4 The osmotic coefficient of 0.92 was determined in aqueous solutions of pure NaCl (I I). In solutions also containing urea in amounts equivalent to that found in loop fluid, the osmotic coefficient of NaCl differed from that value by only 2% (unpublished data). (Table 4) , appearance time of lissamine green injected intravenously, blood pressure, and glomerular filtration rate. In nine of the rats used in obtaining micropuncture data the mean appearance time of lissamine green in the vasa recta was 6.8 set ZJZ SD 1.3; in the loops 44 set rt SD 14.7; and in the collecting ducts g8 set =t SD 35.3. The mean blood pressure of nine rats 2-7 days after partial nephrectomy was I 13 mm Hg. Because the area cribrosa was unenclosed in the second operation after folding the papilla, the GFR of the left kidney during micropuncture could not be determined.
As a rough estimate the GFR was measured in five rats 2-4 days after recovery from the first operation.
The The observed lag in osmolality of the entering blood may well be related to the linear rate of flow in a vessel passing through a region of continuously increasing osmolality, since in those collections i n which blood flow was slowed by the introduction of the pipette the osmolality of plasma from the vasa recta and fluid from the descending limb of 7 Cryoscopic studies of kidney slices (41) have not revealed local osmotic differences between juxtaposed tubules and vessels in the medulla.
However, the first portion of the distal tubule also was not noted to have a lower osmolality than surrounding structures, although it has been shown to be uniformly hypoosmotic in micropuncture studies (8, 40) . This suggests that the freeze-thaw process disrupted local osmotic gradients without distorting the progressive hypertonicity toward the papilla. 
